Introduction
The Food and Agriculture Organization of the United Nations (FAO) (2011) has estimated food losses occurring along the entire food chain, assessed the magnitude thereof, and reported that roughly one-third of food produced for human consumption, amounting to about 1.3 billion t, is lost or wasted globally every year (FAO 2011) . These food losses and waste 1 can have a serious impact on world food security and the environment. The FAO's study pointed out that food is lost mostly during the early and middle stages of the food supply chain: during agricultural production, postharvest handling, and storage in developing countries. This study adopts JARQ 52 (3) 2018 T. Koizumi food losses and waste. The HLPE (2014) analyzed food losses and waste from a triple perspective, and advocated that national and international research and development organizations should increase investment in technological innovations at postharvest to effectively reduce food losses and waste. Koizumi and Kanamaru (2016) conducted policy simulations for alleviating climate risks to rice production systems and rice markets, by utilizing a partial equilibrium model. Koizumi (2016) examined how agricultural investment can impact food losses and the world rice market. This study develops the studies of these authors, and incorporates other main rice exporting and importing countries into the partial equilibrium model developed by Koizumi and Kanamaru (2016) . The purpose of this study is to conduct simulations for agricultural investment relative to affecting the food loss rate of rice and the world rice market, by utilizing a developed partial equilibrium model.
Examining the impact of agricultural investment on food loss and rice yield
The food loss rate of rice in the Philippines decreased from 3.4% in 1980 to 1.0% in 2011 (Table 1) . The Japan International Cooperation Agency (JICA) and other international organizations promoted efforts to increase agricultural equipment, such as drying facilities and storage facilities, and thus contributed to reducing the food loss of rice in the Philippines. After the 1990s, an increase in modern storage facilities also helped to reduce the food loss of rice in this country (Koizumi 2016) . The relationship between the food loss rate of rice and the changing rate of agricultural machinery and equipment has an inverse correlation (Koizumi 2016) . FAO (1970) identified the factors affecting food value and the deterioration of grains in tropical and subtropical areas. FAO (2011) pointed out that a lack of proper storage facilities is the major cause of postharvest losses. Liu (2013) considered that storage is the most important cause of postharvest losses for all types of food in China. The HLPE (2014) has pointed out that agricultural investment is an effective method of reducing food losses. It also identified such causes as poor harvesting techniques at harvest and the initial handling stage, a lack of proper storage facilities for shelf-stable foods such as grains, resulting in losses from pest damage, and fungal infection at the storage stage. Consequently, it is considered that agricultural investment, such as in increasing storage facilities and developing agricultural machinery, can contribute to reducing the food loss rate of rice. Kumar (1992) examined the relationship between agricultural investment and rice yield in India. FAO (2003) and Liu (2014) pointed out that agricultural investment played a crucial factor in increasing agricultural productivity in developing countries. Consequently, it is considered that increasing agricultural investment can contribute to increasing agricultural yield, when assuming constant labor input. FAO (2011) , BCFN (2012) , and Lipinski et.al (2013) pointed out that relatively low food prices were an important cause of food losses in supply and food waste in demand. The relationship between the food loss rates of rice and rice price is an inverse correlation (Koizumi 2016) . Thus, this study hypothesizes that increasing storage facilities and developing agricultural machinery can contribute to reducing the food loss rate of rice. This study estimates parameters derived from time-series analysis between the food loss rate of rice and agricultural investment in the ASEAN countries and other main rice-producing countries by using the Ordinary Least Squares (OLS) method. It also hypothesizes that increasing agricultural investment covers equations for projecting the rice yield and planted area affected by climate change (Fig. 1 ). We applied an Error Correction Model (ECM) to this study to evaluate the long-term equilibrium relationships among economic variables. As for the equations and parameters used for paddy rice yield, planted area, paddy rice production, milled rice production, per capita consumption, exports, imports, ending stocks and domestic prices, please refer to Koizumi and Kanamaru (2016) . 3 The food loss rate of rice depends on the domestic rice price, a possible lack of agricultural machinery and equipment, and technical change as follows:
where, LOR is the food loss rate of rice, RP is the domestic rice price, AME denotes investments in agricultural machinery and equipment, T is time trend, and a29-a31 are parameters. Tables 2 and 3 list these estimated parameters. Parameters such as a29 and a30 are negative in the eight ASEAN and in South Asian countries. Consequently, providing more agricultural machinery and equipment, and raising the domestic rice price can contribute to reducing the food loss rate of rice. The model determines the production, consumption, imports, food loss rate, and ending stocks for each simulation year. The rice market clearing price is obtained from the following equilibrium conditions by using the Gauss-Seidel algorithm. Note that 5% broken milled white rice (Thailand's nominal price quota) refers to the international rice market clearing price.
where, IMR denotes rice imports and EXR denotes rice exports. Historical annual minimum and maximum temperatures and precipitation data are derived from CRU TS. 3.2 (University of East Anglia). The values for all grids that cover the entire territory are spatially averaged for the 24 covered countries and regions. Historical planted area, yield, production, per capita consumption, imports, exports, and ending stock data of rice are derived from PS&D (USDA). These producer prices 4 are derived from FAOSTAT (FAO), and the data are used for regression in time-series analysis.
can contribute to increasing rice yield. This study also estimates parameters derived from time-series analysis between yield and agricultural investment by OLS. The study covers the endogenous variable for the food loss rate of rice, depending on agricultural investment and domestic rice prices in the ASEAN countries and other main rice-producing countries. This study is the first to evaluate how agricultural machinery and equipment investment can affect the food loss rate of rice and the world rice market in ASEAN and South Asian countries.
Method and data

Method
Many studies have been made on how future climate change could impact global agricultural and rice production. Peng et al. (2004) examined how higher night temperature affected rice yield. Welch (2010) examined how minimum and maximum temperatures impacted the rice yields in tropical/subtropical Asia. Lobel (2007) examined the changes in diurnal temperature range and national cereal yield. Moreover, Furuya and Koyama (2005) examined the relationship between climate change and the world food market. The Rice Economy Climate Change (RECC) model is a partial equilibrium (PE) model developed by Koizumi and Kanamaru (2016 
Baseline assumptions
The baseline outlook adopts a set of assumptions for the general economy, agricultural policies, and technological changes without any policy shocks during the outlook period. The climate variables (minimum Fig. 1 innovation will continue. The model does not take into account any new agricultural trade agreements. This study focuses on agricultural investment for storage facilities and agricultural machinery in developing countries. FAOSTAT data for agricultural machinery and equipment covers both storage facilities and agricultural machinery. Agricultural investments (land development, agricultural machinery and equipment) are exogenous variables to the model when assuming constant labor input during the outlook period. This study assumes a constant head rice yield in all countries and regions during the outlook period.
This study assumes that these agricultural investments will be used mainly for rice production in the eight ASEAN countries, 9 as well as Sri Lanka, Bangladesh, and Nepal. Consequently, this study utilized these agricultural investments for simulation for those eight ASEAN countries, Sri Lanka, Bangladesh, and Nepal. This study assumes that the current growth rate of agricultural investments from 2000 to 2007 in the 24 covered countries and regions will continue during the outlook period (2013/15 to 2035) 10 (Tables 4 and 5 ). The growth rate of agricultural machinery and equipment in Sri Lanka from 2000 to 2007 was 1.4% (Table 5) . This study applied the growth rate from 1990 to 2000 for Sri Lanka (0.8%) to the outlook period.
(MIROC), a global climate model under the RCP 4.5 scenario.
5 Spatially averaged 6 climate variables for each country are computed the same way as the historical climate data used for regression. The standard deviations of minimum and maximum temperatures in the newly incorporated countries 7 were projected to increase during the decades of 1990-2010 and 2010-2035. 8 The standard deviations of precipitation in these countries are projected to increase during the same periods 7 . Population data for all countries were taken from the 2015 Revision (medium variant) of World Population Prospects, United Nations (2015). Per capita real GDP was also treated as an exogenous variable, and GDP growth rate assumptions were based on World Economic Outlook 2016 (IMF 2016) . These GDP growth rates are available up to the year 2021. This study assumes the growth rate of per capita GDP from 2022 to 2035 is applied at the average rate from 2018 to 2021 in all the countries and regions. Tables A9-1 and A9-2 list the exogenous variables for per capita GDP growth rate, population, international wheat and corn prices, and others. These prices are derived from OECD- FAO Agricultural Outlook 2016 -2025 (OECD-FAO 2016 . This study also assumes that current agricultural policies will continue in all countries throughout the outlook period. Following generally adopted procedures, this study assumes that historical rates of technological 5 Four Representative Concentration Pathways (RCPs) were selected and defined by their total radiative forcing pathway and level in 2100. RCP4.5 is descripted stabilization without an overshot pathway to 4.5 W/m 2 at stabilization after 2100 (IPCC). 6 The values for all grids are the same as historical minimum and maximum temperatures and precipitation. 7 Iran is considered to represent the "rest of the world." Italy is considered to represent the EU28. 8 Please refer to Table A1. 9 Thailand, Vietnam, Indonesia, the Philippines, Malaysia, Cambodia, Lao PDR, and Myanmar. 10 The growth rates of investments in land development in Vietnam and Lao PDR from 2000 to 2007 were 2.3% and 2.0%, respectively, which appear to be too high. Instead, we applied the growth rates from 1985 to 1995 for these countries (1.0% and 1.2%, respectively) to the outlook period. The growth rate of agricultural machinery & equipment in Cambodia from 2000 to 2007 was 5.0%, which appears to be too high. Instead, we applied the growth rate from 1980 to 1990 for this country (2.1%) to the outlook period. 2009 -0.2008 (1998) 0.2254 4.5963 (1996) -0.0605 -4.7280 (1982) Dummy 2 0.6840 3.6236 (2006) 0.1259 1.4997 (2006) 0.3649 0.3649 (2000) 0.1654 0.1655 (1992) JARQ 52 (3) 2018 T. Koizumi from Scenario 1. Consequently, in Scenario 2, this study hypothesizes that the growth rate of agricultural machinery and equipment in Scenario 1 will only apply to the food loss rate of rice, not rice yield. In this scenario, the growth rate of agricultural machinery and equipment in the yield equation is applied to the baseline outlook assumption. In Scenario 3, this study hypothesizes that the growth rate of investments in agricultural machinery and equipment and land development in Bangladesh, Sri Lanka, and Nepal will increase by 3.0% and 0.0% per annum from 2013/15 to 2035, respectively. In Scenario 4, this study also hypothesizes that the growth rate of investments in Scenario 3 will only apply to the food loss rate of rice, not the rice yield in Bangladesh, Sri Lanka, and Nepal. These agricultural machinery and equipment investments covering storage facilities and agricultural machinery can be considered as climate change adaptation measures.
Four Scenarios
This study applied alternative scenarios to the baseline outlook. The study produces outlooks under the four scenarios listed in Table 6 . In Scenario 1, this study hypothesizes that the growth rate of agricultural machinery and equipment in Thailand, Vietnam, Indonesia, the Philippines, and Malaysia will increase by 2.0% per annum, and that in Cambodia, Lao PDR, and Myanmar will increase by 4.0% per annum from 2013/15 to 2035, respectively. In these countries, poor agricultural production, postharvest handling, and storage are the main factors responsible for food losses. Consequently, reducing the amount of the food loss rate of rice can add to production in the same year and countries in the model.
Increasing agricultural machinery and equipment contributes to both increasing the rice yield and reducing the food loss rate of rice under Scenario 1. This study needs to extract the impact of the food loss rate of rice Table 5 . Growth rates of agricultural machinery and equipment (baseline outlook) annum, and world rice imports are expected to increase at a rate of 3.6% per annum during the same period (Table  8) . World rice ending stocks are expected to decrease at a rate of 0.1% per annum during the same period. The international rice price (5% broken milled white rice, Thailand's nominal price quota) was 441.8 USD/t in 2013/15, but is expected to be 1,014 USD/t in 2035. Under Scenario 1, the food loss rate of rice in all eight ASEAN countries is expected to be reduced as compared with the baseline outlook from 2016 to 2035 average, because an increase in agricultural machinery and equipment can contribute to reducing the food loss rate of rice (Table 9 ). Rice yield is expected to increase as compared with the baseline outlook period (Table 9) . World rice production is expected to increase by 0.8%, rice consumption by 0.7%, and world rice exports and imports by 1.9%, compared with the baseline outlook period (Table 9) . Consequently, the international rice price is expected to decrease by 10.1%, compared with the baseline outlook period. Using Scenario 2, the food loss rate of rice in all eight ASEAN countries is expected to be reduced, compared with the baseline outlook period (Table 10) .
11 World rice production and consumption are expected to increase by 0.1%, and world rice exports and imports by 0.3%, compared with the baseline outlook period. Consequently, the international rice price is expected to decrease by 1.0%, compared with the baseline outlook period.
The results of Scenario 3 show that the food loss rates of rice in Bangladesh, Sri Lanka, and Nepal are expected to be reduced as agricultural machinery and equipment that will help reduce the food loss rate of rice, and rice yields in those countries are expected to be increased, compared with the baseline outlook period (Table 11) . Accordingly, world rice production and consumption are expected to increase by 0.2%, and world rice exports and imports by 1.2% (Table 11) . Consequently, the international rice price is expected to decrease by 2.4%, compared with the baseline outlook period. The results of Scenario 4 show that the food loss rates of rice in recognizes that this theoretical relationship is not good enough to be proved by this study. This analysis is the future direction of this study. This study applied specified climate change and macro assumptions to baseline and scenario outlooks. It needs to apply other climate change projections and macro assumptions to baseline and scenario projections as a future direction of study.
Bangladesh, Sri Lanka, and Nepal are expected to be reduced, compared with the baseline outlook from 2016 to 2035 average (Table 12) . 12 As a result of reducing the food loss rates in these countries, world rice production and consumption are expected to increase by 0.1%, and world rice exports and imports are expected to decrease by 0.8% (Table 12) . Consequently, the international rice price is expected to decrease by 1.6%, compared with the baseline outlook period.
Conclusion
The purpose of this study is to conduct simulations of how agricultural machinery and equipment investment covering storage facilities and agricultural machinery can impact the food loss rate of rice and the world rice market, by factoring in future climate change. Agricultural prices will increase as a result of demand growth when the supply is constant. The price increase can contribute to less food loss, as farmers and food processors/manufacturers try to reduce food loss to maximize their profits. On the other hand, when they increase storage facilities and harvesting machineries to reduce food loss, agricultural production will increase. As a result, agricultural prices will decrease when the demand is constant.
The simulation results suggest that a constant increase in agricultural machinery and equipment in the eight ASEAN countries will contribute to increasing rice yield, reducing the food loss rates of rice, and lowering international rice prices. The same investment increase in Bangladesh, Sri Lanka, and Nepal will also contribute to increasing rice yield, reducing the food loss rates of rice, and lowering international rice prices. The absolute value of the changing rate between baseline and scenario in Bangladesh, Sri Lanka, and Nepal was lower than those in the eight ASEAN countries. This study suggests that reducing the food loss rate of rice can contribute to coping with growing global rice consumption without increasing rice production. This study concludes that an increase in agricultural machinery and equipment investment in the eight ASEAN countries, Bangladesh, Sri Lanka, and Nepal would contribute to increasing not only rice yield but also reducing the food loss rate of rice, as rice consumption is growing and its production becomes increasingly affected by climate change. Consequently, policy makers should promote constant agricultural machinery and equipment investment not only to increase agricultural productivity but also to reduce the food loss of rice. This study examined the relationship between agricultural investment and the food loss rate of rice by utilizing estimated parameters. However, the author 1986-2009 1990-2007 1989-2009 1982-2007 1996-2009 R- 1990-2011 1985-2009 1981-2007 1985-2009 1983-2009 R- 1985-2015 1990-2015 1990-2014 1988-2015 1985-2014 R- 
